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SPECIFICATION 



REMEDIES^ FOR_HEPA TITI S 



TECHNICAL FIELD 
The present invention relates to a therapeutic agent for 
hepatitis. 

As used in this specification, the code "I" stands for inosinic 
acid, "C" for cytidylic acid, "A" for adenylic acid, and "U" for 
uridylic acid. 

The terms "misinatched poly(I)*(C) and mismatched poly (A) • poly (U) 
mean th at poly(I)-(C) and poly(A)- poly(U) have double-stranded 
nucleic acid bases containing partly non-complementary nucleic acid, as 
well known in the art. 



poly(I)-(C) is a double-stranded RNA consisting of polyinocinic 
acid and polycytidylic acid is broadly known to be a medicinally active 
substance having interf eron-inducing activity and immunopotentiating 
activity. 

It has recently been reported that interferon itself is effective 
in the treatment of hepatitis C (e.g., KAN-TAN-SUI, 9(4), 611 (1984); 
ibid., 13(1), 123 (1986); ibid., 12(5), 809 (1986) ; ibid, , 23(5), 1065 
(1991)). It is, however, difficult to treat hepatitis C with 
poly(I)-poly(C) capable of inducing interferon just by conventional 
administration methods, in view of the extent of interferon induction, 
toxicity, and the like. 

On the other hand, there are known pharmaceutical- or drug- 
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carriers including those generally called cationic liposomes such as 
LIPOFECTIN (registered trademark) and those composed of a glycerol 
derivative such as 2-0-(2-diethylaininoethyl)carbamoyl-l,3-0- 
dioleoylglycerol of the following chemical formula [I] and a 
phospholipid as essential components [e.g. PCT W091/17424, PCT W094/ 
19314]. 



CH2 -0-C0-(CH2 )7 CH=CH(CH2 ), CH3 -cis 

CH -0-CO-NHCH2CH2N(CH2CH3 )2 

CH2 -0-C0-(CH2 )7 CH=CH{CH2 ), Cft -cis 



[I] 



The cationic liposome is considered to be a small vesicle composed 
of lipid bimolecular layer and charged positively in an aqueous 
solution. Since a cationic liposome becomes positively charged while 
a double-stranded RNA such as poly{ I ) • poly(C) negatively charged in an 
aqueous solution, a cationic liposome and poly( I ) • poly(C) , for 
instance, may easily form a complex when subjected to a typical 
dispersing treatment. 

However, it is not known at all whether a complex of a double- 
stranded RNA such as poly(I).poly(C) with a drug carrier like the 
above-mentioned cationic liposome would be effective in the treatment 
of hepatitis and the like. 

DISCLOSURE OF INVENTION 
The object of the present invention is to provide a noyel 
medicinal agent useful in the treatment or the prevention of hepatitis. 
The inventors of the present invention have found for the first 
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time that a complex of a double-stranded RNA such as poly (I)- poly (C) 
with a drug carrier like cationic liposomes are accumulated 
specifically in the liver and spleen and can induce interferon 
effective in the treatment of hepatitis etc. for a long time, and have 
established the present invention. 

The present invention, in one aspect, provides a therapeutic or 
preventive agent for hepatitis (hereinafter, referred to as "the agent 
of the present invention") characterized in that it comprises a complex 
of a double-stranded RNA such as poly(I)-poly(C) with a cationic 
liposome. The complex will hereinafter be referred to as "the complex". 

The present invention will be described in detail below. 

The cationic liposome usable in the present invention includes 
LIPOFECTIN (registered trademark), LIPOFECTAMINE (registered trademark), 
LIPOFECTACE (registered trademark), DMRIE-C (registered trademark), or 
a drug carrier disclosed in PCT W094/19314, e.g., the one composed of 2- 
0-(2-diethylaminoethyl)carbamoyl-l,3-0-dioleoylglycerol of the above- 
mentioned chemical formula [I] (hereinafter, reffered to as "Compound 
A") and a phospholipid as essential components. 

Examples of the preferred cationic liposome for the present 
invention include a drug carrier made from Compound A and a 
phospholipid, as essential components. The resultant drug carrier will 
hereinafter be referred to as "the carrier". 

Examples of a double- stranded RNA usable in the present invention 
include poly(I)*poly(C) , mismatched poly(I)-poly(C) , poly (A) • poly (U) , 
mismatched poly(A)- poly(U) . Among them, the poly(I )* poly(C) is 
suitable. 



The chain length of the above-mentioned double-stranded RNA is 
not particularly restricted, but it is suitable to be within the 
range of 50-2,000 base pairs (bp), preferably, 100 to 500 bp, more 
preferably', 200-400 bp. If the chain length of RNA is less than 50 bp, 
effectiveness would be insufficient, and if it is over 2,000 bp, the 
safety would be questionable. The chain length ranging from 100 bp to 
500 bp is considered to be balanced range in connection with efficacy 
and safety. Likewise, as for the length of poly(l).poly(C) , 100-500 bp 
is preferred and 200-400 bp is still more preferred. Since the double- 
stranded RNA like poly (I). poly (C), etc. usually exists with a given 
distribution of various chain lengths, the above-mentioned chain length 
indicates the base pair numbers of the largest distribution and is 
herein referred to as "mean chain length". 

The phospholipid in the carrier is not particularly restricted 
provided that it is a pharmaceutical ly acceptable. Nonrestrictive 
examples of phospholipid include phosphatidylcholine, 
phosphatidylethanolamine, phosphatidyl inositol , 
phosphatidylserine, sphingomyelins, and lecithin. Hydrogenated 
phospholipids can also be used. The preferred phospholipid includes 
egg yolk phosphatidylcholine, egg yolk lecithin, soybean lecithin, and 
egg yolk phosphatide. Two or more different phospholipids can also be 
used in combination. As to phospholipids to be used with Compound A, 
phosphatidylcholine and lecithin are superior to 
phosphatidylethanolamine which is commonly used in the cationic 

liposome. 

in a preferred embodiment, the present invention provides a 
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pharmaceutical preparation comprising a complex of the" carrier wherein 
the phospholipid is lecithin and a poly(l). poly(C) having a mean chain 1 
ength ranging from 100 to 500 bp, especially 200 to 400 bp. 

The ratio of the cationic liposome to the double-stranded RNA 
varies depending on the kind or chain length of cationic liposome or 
double-stranded RNA, the type or stage of hepatitis, and other factors, 
but the recommended proportion of the double-stranded RNA relative to 
10 weight parts of the cationic liposome is 0.05-10 weight parts, 
preferably 0.1-4 weight parts, and more preferably 0.5-2 weight parts. 
Likewise, the recommended proportion of polyd )• poly(C) relative to 10 
weight parts of the carrier is 0.05-10 weight parts, preferably 0.1-4 
weight parts, and more preferably 0.5-2 weight parts. 

The ratio of Compound A to the phospholipid in the carrier varies 
depending on the kind, chain length, and amount of double-stranded RNA 
and the kind of phospholipid, and other factors, but the recommended 
proportion of phospholipid relative to each weight part of Compound A 
is 0.1-10 weight parts, preferably 0.5-5 weight parts, and more 
preferably 1-2 weight parts. 

The agent of the present invention may, for example, be provided 
in the form of liquid preparation for injection or drip infusion, in 
which the complex is dispersed in an aqueous solution, or in the 
lyophilized form. In the case of a liquid preparation, the recommended 
concentration of the complex is 0.001-25% (w/v), preferably 0.01-5% 
(w/v), and more preferably 0.1-1% (w/v). 

The agent of the present invention may contain any of 
pharmaceutically acceptable additives, such as an auxiliary emulsifier, 
stabilizer, isotonizing agent, and/or a pH regulator, in suitable 
amounts. Specific examples include auxiliary emulsifiers such as Cs-22 
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fatty acids (e.g, caprylic acid, capric acid, lauric acid, myristic 
acid, palmitic acid, stearic acid, oleic acid, linoleic acid, 
arachidonic acid, docosahexenoic acid) or their pharmaceutically 
acceptable salts (e,g, sodium salts, potassium salts, calciiam salts, 
etc), albumin, dextran, etc; stabilizers such as cholesterol, 
phosphatidine , etc.; isotonizing agents such as sodiiom chloride, 
glucose, maltose, lactose, sucrose, trehalose, etc; and pH regulator 
such as hydrochloric acid, sulfuric acid, phosphoric acid, acetic acid, 
sodium hydroxide, potassium hydroxide, triethanolamine, etc. 

The agent of the present invention can, for example, be prepared 
in a manner similar to the general technology for the production of 
liposomes. A typical method comprises dispersing a double- stranded RNA 
such as poly(I)* poly(C) with a cationic liposome or raw materials 
thereof (e.g., Compound A and a phospholipid) in an aqueous solution. 
Examples of the aqueous solution includes, but is not limited to, water 
for injection, distilled water for injection, electrolyte solution such 
as physiological saline, or glucose solution. The dispersing treatment 
can be performed with a suitable dispersing machine such as a 
homomixer, homogenizer, ultrasonic disperser, ultrasonic homogenizer, 
high-pressure emulsif ier-disperser , Microf luidizer (trade name), 
Nanomizer (trade name), Ultimizer (trade name), or Manton-Gaulin high- 
pressure homogenizer. Further, the dispersing treatment can be divided 
into several steps including, for example, a crude dispersion step. 

A commercially available cationic liposome can be used as it is or 
after appropriate processing. 

When the agent of the present invention is prepared from the raw 




materials for cationic liposome, the materials and the double-stranded 
RNA such as poly (I ). poly (C) can be dispersed together. Alternatively, 
the cationic liposome is first formed by dispersing the materials, and 
then redispersed after the addition of a double-stranded RNA such as 
poly ( I). poly (C) to obtain the agent of the present invention. 

The pharmaceutical ly acceptable additives mentioned above can be 
added at a suitable stage before or -after the dispersion. 

The agent of the present invention thus prepared by the dispersing 
procedure may be freeze-dried to provide a lyophilized agent of the 
present invention. The f reeze-drying operation can be carried out in a 
conventional manner. For example, the agent of the present invention 
obtained by dispersing procedure is sterilized and distributed into 
vials at a determined amount. The filled vials are subjected to 
preliminary freezing at about -40°C to -20°C for about 2 hours and, 
primary drying in vacuo at about 0°C to lOV and then to secondary 
drying in vacuo at about 15°C to 25°C • Generally, the vials are 
purged with nitrogen gas and stoppered to provide the objective 
lyophilized agent of the present invention. 

The lyophilized agent of the present invention can be generally 
reconstituted by adding a suitable solvent (for reconstitution ) and 
put to use. The solvent for reconstitution includes water for 
injection, electrolyte solution such as physiological saline, glucose 
solution, and other ordinary infusions. The volume of the solvent for 
reconstitution varies depending on the intended use and is not 
particularly restricted but may preferably be 0.5-2 times the volume of 
the agent prior to f reeze-drying, or not larger than 500 mL. 

The agent of the present invention can accumulate specifically in 
the liver and spleen, and induce more 0 -interferon for a long time 
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than a double-stranded RNA such as poly (I). poly (C) alone, and is 
useful in the treatment or prevention of hepatitis in manmials inclusive, 
of man. Particularly, the agent of the present invention which is 
related to a complex of the carrier comprising lecithin as a 
phospholipid with poly(I).poly(C) (mean chain length = 100-500 bp, 
particularly, 200-400 bp) as a double-stranded RNA is highly 
efficacious and yet is very low in toxicity. 

The agent of the present invention can for example be administered 
intravenously, transmucosally, or into the hepatic artery. 

The dosage of the agent of the present invention in hepatitis 
therapy varies depending on the kinds of double-stranded RNA and 
phospholipid, the type of hepatitis, the stage of hepatitis, the 
recipient's age and animal species, route or mode of administration. 
In terms of double-stranded RNA, the recommended dosage is usually 1 
U9-50 mg/man, and preferably 10 ^ g-10 mg/man per dose, in terms of 
poly(I).poly(C), the recommended dosage is usually 1^ g-50 mg/man, and 
preferably 10 ^ g-10 mg/man per dose. The agent of the present 
invention can be administered in one shot or by drip injection once 
through 3 times a day, every day, every other day, or on a weekly or 
fortnightly basis. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The following working examples and test examples illustrate the 
present invention in more detail, it should be understood that the 
concentration of the agent of the present invention is invariably 
expressed in the concentration of the poly(l ). poiy(c) in the agent. 
Example 1 

A solution of 40 g of maltose in 100 mL of water for injection was 
stirred with 2 g of Compound A and 2 g of purified egg yolk lecithin 
and the mixture was treated with a homogenizer for 5 minutes to prepare 
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a crude carrier dispersion. This crude dispersion was further treated 
with a bench-top compact emulsif ier-disperser for 1 hour and adjusted 
to 250 mL with water for injection. The resulting carrier dispersion 
was recovered. To 250 mL of this carrier dispersion was added 150 mL 
of an aqueous solution containing 500 mg of poly(I)»poly(C) [mean chain 
length : about 200 bp] with stirr ing, and using a bench- top compact 
emulsif ier-disperser , the mixture was further treated for 1 hour to 
provide the agent of the present invention. This agent was then 
distributed into vials, 1 mL per vial, and freeze-dried in a 
conventional manner to provide a lyophilizate. 
Example 2 

A solution of 4 kg of sucrose in 10 L of water for injection was 
stirred with 50 g of Compo;ind A and 30 g of egg yolk phosphatide and 
the mixture was treated with a Manton-Gaulin high-pressure homogenizer 
for 10 minutes. The resulting dispersion was made up to 25 L with 
water for injection and recovered. To 20 L of this carrier dispersion 
was added 12 L of an aqueous solution containing 10 g of 
poly(I)'poly(C) [mean chain length : about 200 bp] with stirring, and 
the mixture was adjusted to pH 5.5 with hydrochloric acid and further 
treated with a Manton-Gaulin high-pressure homogenizer for 30 minutes 
to provide the agent of the present invention. This agent was then 
distributed into vials, 20 mL per vial, and freeze-dried in a 
conventional manner to provide a lyophilizate. This lyophilized 
preparation was reconstituted by adding a commercial 5% glucose 
infusion (500 mL). 
Example 3 

A solution of 20 g of glucose in 100 mL of water for injection was 
stirred with 2 g of Compound A and 2 g of soybean lecithin and the 
mixture was treated with a homogenizer for 5 minutes to prepare a 
crude carrier dispersion. This crude dispersion was further treated 
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with a bench-top compact high pressure emulsif ier-disperser for 1 hour 
and adjusted to 250 mL with water for injection* The resulting carrier 
dispersion was recovered. To 250 mL of this carrier dispersion was 
added 150 mL of an aqueous solution containing 50 mg of poly(I )»poly(C) 
[mean chain length : about 200 bp] with stirring, and using a bench-top 
compact high pressure emulsif ier-disperser , the mixture was further 
treated for 1 hour to provide the agent of the present invention. 
Example 4 

A solution of 40 g of maltose in 100 mL of water for injection was 
stirred with 1,2 g of Compound A and 2,0 g of purified egg yolk 
lecithin and this crude dispersion was further treated with a bench- 
top compact high pressure emulsif ier-disperser for 30 minutes and made 
up to 250 mL with water for injection. The resulting carrier 
dispersion was recovered. To 250 mL of this carrier dispersion was 
added 150 mL of an aqueous solution containing 200 mg of 
poly(I)- poly(C) [mean chain length : about 200 bp] with stirring, and 
using a bench-top compact high pressure emulsif ier-disperser , the 
mixture was further treated for 2 hours to provide the agent of the 
present invention. 
Example 5 

A solution of 40 g of maltose in 100 mL of water for injection was 
stirred with 1.2 g of Compound A and 2.0 g of purified egg yolk 
lecithin and this crude dispersion was further treated with a bench- 
top compact high pressure emulsif ier-disperser for 30 minutes and made 
up to 250 mL with water for injection. The resulting carrier 
dispersion was recovered. To 250 mL of this carrier dispersion was 
added 150 mL of an aqueous solution containing 100 mg of poly (I) [mean 
chain length : 360 base] and 100 mg of poly(C) [mean chain length : 318 
base] with stirring, and using a bench-top compact high pressure 
emulsif ier-disperser, the mixture was further treated for 2 hours to 
provide the agent of the present invention. 
Example 6 

A solution of 40 g of maltose in 100 mL of water for injection was 
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stirred with 2 g of Compound A and 2 g of purified egg yolk lecithin 
and the mixture was treated with a homogenizer for 5 minutes to prepare 
a crude carrier dispersion. This crude dispersion further treated with 
a bench-top compact high pressure emulsif ier-disperser for 1 hour and 
adjusted to 250 mL with water for injection. The resulting carrier 
dispersion was recovered. To 250 mL of this carrier dispersion was 
added 150 mL of an aqueous solution containing 250 mg of poly(I) [mean 
chain length : 1419 base] and 250 mg of poly(C) [mean chain length : 
1491 base] with stirring, and using a bench-top compact high pressure 
emulsif ier-disperser, the mixture was further treated for 1 hour to 
provide the agent of the present invention. This agent was then 
distributed into vials, 1 mL per vial, and freeze-dried in a 
conventional manner to provide a lyophilizate. 
Example 7 

A solution of 40 g of maltose in 100 mL of water for injection was 
stirred with 1,2 g of Compound A and 2,0 g of purified egg yollc 
lecithin and this crude dispersion was further treated with a bench- 
top compact high pressure emulsif ier-disperser for 30 minutes and made 
up to 250 mL with water for injection. The resulting carrier 
dispersion was recovered. To 250 mL of this carrier dispersion was 
added 150 mL of an aqueous solution containing 100 mg of polyd) [mean 
chain length : 84 base] and 100 mg of poly(C) [mean chain length : 76 
base] with stirring, and using a bench-top compact high pressure 
emulsif ier-disperser , the mixture was further treated for 2 hours to 
provide the agent of the present invention. 
Example 8 

The agent of the present invention containing poly (I)* poly (C) 
[mean chain length : about 350 bp] was prepared in the same manner as 
given in Example 4. 
Example 9 

The agent of the present invention containing poly ( I) • poly (C ) 
[mean chain length : about 1450 bp] was prepared in the same manner as 
given in Example 4 , 
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Example 10 

The agent of the present invention containing polyd )• poly(C) 
[mean chain length : about 80 bp] was prepared in the same manner as 
given in Example 4, 

Test Example 1: ^-Interferon Induction Effect in Mouse Liver (in vivo) 

The agent of the present invention according to Example 4 or 
polyd )-poly(C) alone for control was administered by i,v, injection 
into 3 male mice (Balb/c, 5-week-old). After 3 hours, the livers were 
collected and total RNA was extracted by the acid-guanidine-phenol- 
chloroform (AGPC) method. The amount of expressed jQ -interferon 
mRNA was determined by RT-PCR. The result is shown in Figure 1. 
It is appar^Kit from Figure 1 that every sample expressed yS - 
.erf eron mRNA and that ^ -interferon was induced in a dose-depending m 
nner. The agent of presenKinvention induced more -interferon 
than that polyd )• poly (C) alone 

Test Example 2 : ^ -Interferon Inductibt;^ Effect in Mouse Tissues Other 
than Liver (in vivo) 

The amount of expres^sd ^ -interferon mRNA in mouse tissues other t 
an liver was determined in th^same manner as Test Example 1. The 
result is shown in Figure 2. 

It is apparent from Figure 2 that the agent of the present 
invention did not bring about the expression of j3 -interferon mRNA or 
the induction of ^ -interferon very much in the kidney, lung and 
brain. 

The results of Test Examples 1 and 2 above show that 
polyd)* poly (C) alone is not targeted to any specific tissues but the 
agent of the present invention induces ^ -interferon very much in the 
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liver and spleen in particular. 

Test Example 3: Amount of Interferon in Mouse Serum (in vivo) 

The agent of the present invention according to Example 4 or 
poly(I)«poly(C) alone for control was administered by i.v, injection 
into 3 male mice (Balb/c, 5-week-old). After 3 hours, the serum was 
collected and the interferon level in serum was determined on basis of 
the inhibitory effect on the degeneration of L929 cells by virus (VSV) 
infection. The result is shown in Table 1. 



Table 1 Interferon Level in Mouse Serum 





dosage Interferon level 
(//g/kg) (lU/ml) 


control 


<3 


Example 4 


10 13 ± 2 
30 41 ± 1 
100 63 ±18 


poly(I)-poly(C) 
alone 


10 <3 
30 5 ± 2 
100 18 ± 6 



It is apparent from Table 1 that interferon was detected in serum 
in a dose-depending manner in every sample, but more interferon was 
detected in animals received the agent of the present invention. 

In animals of a group which received 100 u, g/kg of the agent of 
the present invention, the interferon level was 63 I.U./ml at 3 hour, 
and 30 I.U./ml even at 24 hour after the administration. It has been 
reported that when /3 -interferon of 3 x 10^ I.U. was administered to 
human clinically, the plasma level of interferon was 67 I.U./ml 
immediately after the administration, and was not detected after 
45 minutes. Therefore, these results indicate that the agent of the 
present invention can induce clinically enough amount of ^ - 
interferon continuously. 
Test Example 4: Toxicity Study 

(1) Expression of hepatotoxicity in rats after a single dose (acute 
toxicity study) 
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To eight male SD rats aged 6 weeks were intravenously injected the 
agent of the present invention according to Example 4 in a single dose, 
and the serum aminoacyl transferase level was determined after 20 
hours. As a result, no death was observed at doses up to 5 mg/kg, at 
which dose a slight elevation of serum aminoacyl transferase at most 
was observed. At 1 mg/kg, the serum aminoacyl transferase level was 
little elevated. 

(2) Two-week limited subacute toxicity study in rats 

The agent of the present invention according to Example 4 was 
administered intravenously to 6 male SD rats (aged 6 weeks) daily for 
14 consecutive days. As a result, no remarkable sign of toxicity was 
found at doses up to 1 mg/kg. 

(3) Antigenicity study 

Using male guinea pigs (Hartley strain, 5 weeks old), the 
antigenicity of the agent of the present invention according to Example 
4 was studied. As a result, no antigenicity was found at 50 
jj, g/animal . 

(4) Expedient mutagenicity study 

The agent of the present invention according to Example 4 was 
subjected to expedient reverse mutation assay and expedient chromosomal 
aberration assay. As a result, no mutagenicity was found at 10 //g/ml. 

Brief Description of the Drawings 

Figure 1 is a graph showing the amount of ^ -interferon mRNA 

expressed in mouse liver. The left end column in the figure represents 

the control group. The central three colvimns represent the results 

obtained in the groups received the agent of the present invention 

according to Example 4, wherein each column corresponds to a group 

administered the agent at a dosage of 10 g/kg, 30 g/kg, and 100 

^ g/kg from the left-hand in order. The right end three columns 

represent the results obtained in the groups received the 

poly(I)«poly(C) preparation alone, wherein each column corresponds to a 

group administered the preparation at a dosage of 10 /z g/kg, 30 

yC/g/kg, and 100 g/kg from the left-hand in order. The ordinate 
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represents the ratio of the amount of ^ -interferon mRNA expressed in 
the drug administration groups to that in control. 

Figure 2 is a graph showing the amount of ^ -interferon mRNA 
expressed in mouse tissues (spleen, kidney, lung, and brain from the 
top in order). The left end column in each figure represents the 
control group. The central three columns in the figure for each tissue 
represent the results obtained in the groups received the agent of the 
present invention according to Example 4, wherein each column 
corresponds to a group administered the agent at a dosage of 10 //g/kg, 
30 //g/kg, and 100 ^ g/kg from the left-hand in order. The right end 
three columns in the figure for each tissue represent the results 
obtained in the groups received the poly(I)* poly(C) preparation alone, 
wherein each column corresponds to a group administered the preparation 
at a dosage of 10 // g/kg, 30 ^ g/kg, and 100 g/kg from the left-hand i 
n order . The ordinate represents the ratio of the amount of/3~ 
interferon mRNA expressed in the drug administration groups to that in 
control . 
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